Introduction
For fast three-dimensional (3D) ultrasound imaging, it is necessary to limit the number of sequentially emitted waves in order to keep the acquisition time per image short. A common concept, which requires only a few emitted and received ultrasound waves, is delay-and-sum. An alternative method based on the framework of diffraction tomography, also allows the reconstruction of an image from RF data obtained by only one or a few emitted plane waves. In this contribution, we investigate the capabilities of diffraction tomography in 3D pulse-echo ultrasound imaging.
Methods
We model acoustic wave propagation in inhomogeneous media only considering deviations in compressibility. We then derive a filtered backpropagation algorithm as a solution to the 3D inverse scattering problem in pulse-echo mode and reconstruct the compressibility deviations in the measured volume. We only emit a single broadband plane wave to generate the required backscattered sound field. The method is validated by simulating RF data measured by a twodimensional transducer array with FIELDII. (2.5 MHz center-frequency / 100% fractional bandwidth, element size: 340µm, kerf: 25µm). We compare our method with a classical beamforming approach (3D B-Mode) which is simulated using the same parameters.
Results
We show that our method outperforms the classical 3D B-Mode approach in terms of lateral resolution and sidelobe reduction, while axial resolution remains nearly identical (e.g. lateral -6dB-width at 2.6cm depth: B-Mode: 2.3mm, our method: 0.75mm, axial B-Mode: 0.67mm, our method: 0.37mm).
Conclusion
It is possible to provide fast 3D ultrasound imaging in pulse-echo mode with the presented method, while the achieved image quality is improved compared to the classical 3D B-Mode approach. The resulting high frame rate is desirable, e.g. in cardiac imaging and could lead to new diagnostic insights.
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